A Gram-staining-negative, rod-shaped, non-spore-forming bacterium, designated strain R27 T , was isolated from the moss Grimmia montana, collected from Beijing Songshan National Nature Reserve, China, and characterized by using a polyphasic taxonomic approach. The predominant fatty acids of strain R27 T were C 18 : 1 v7c (33.6 %), Chen et al., 2007 Chen et al., , 2008 Lu et al., 2012) . The genus Burkholderia represents a group of metabolically versatile proteobacteria. In this paper, we describe strain R27 T , isolated from a xerophilous moss. The organism was considered to be Burkholderia-like bacterium on the basis of 16S rRNA gene sequence comparison. Phenotypic, genetic and chemotaxonomic analyses confirmed that the strain represents a novel species of the genus Burkholderia.
. However, the DNA-DNA relatedness between strain R27
T and B. zhejiangensis CCTCC AB 2010354 T and B. glathei ATCC 29195 T was 10.2 and 14.9 %, respectively. Based on 16S rRNA and rpoB gene sequence similarities and phenotypic and chemotaxonomic data, strain R27 T is considered to represent a novel species of the genus Burkholderia, for which the name Burkholderia grimmiae sp. nov. is proposed. The type strain is R27 T (5CGMCC 1.11013 T 5DSM 25160 T ).
The genus Burkholderia was first proposed by Yabuuchi et al. (1992) , who transferred seven species of rRNA group II of the genus Pseudomonas to the novel genus on the basis of a polyphasic taxonomic study. Since then, many Burkholderia strains have been isolated from, for example, contaminated (Vanlaere et al., 2008) and natural (Yoo et al., 2007) soils, water (Lim et al., 2008) and the rhizosphere of plants (Aizawa et al., 2011; Chen et al., 2007 Chen et al., , 2008 Lu et al., 2012) . The genus Burkholderia represents a group of metabolically versatile proteobacteria. In this paper, we describe strain R27 T , isolated from a xerophilous moss. The organism was considered to be Burkholderia-like bacterium on the basis of 16S rRNA gene sequence comparison. Phenotypic, genetic and chemotaxonomic analyses confirmed that the strain represents a novel species of the genus Burkholderia.
Strain R27
T was originally isolated on plates of R2A medium (Niuniu Co.) by inoculating a homogenized sample of the moss Grimmia montana, sampled from the surface of a large stone located at an altitude of 890 m in Beijing Songshan National Nature Reserve (40u 319 00.450 N 115 u 499 33.200 E), China, on 20 April 2011. The R2A medium contained (l 21 ): 0.5 g yeast extract, 0.5 g proteose peptone, 0.5 g casein hydrolysate, 0.5 g glucose, 0.5 g starch, 0.3 g sodium pyruvate, 0.3 g dipotassium hydrogen phosphate, 0.024 g anhydrous magnesium sulphate and 15.0 g agar. The pH was adjusted to 7.2±0.2. About 1 g moss was collected from three representative sites after saturation with water, and then the samples were combined and transported immediately to the laboratory for surface disinfection as described previously (Li et al., 2011 ). Disinfected individual plants were then homogenized in 0.85 % NaCl and spread on plates of R2A medium after serial dilution. The plates were incubated at 28 u C for 2-3 days. Single colonies were purified by transferring them onto new plates and were incubated once again on the same medium. Strain R27
T was isolated and purified after incubation at 28 u C for 2 days, and was then maintained on R2A agar at 4 u C and as glycerol suspensions (30 %, v/v) at 280 u C. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strain in shake flasks of R2A broth at 28 u C for 2 days. Cells were harvested by centrifugation and freeze-dried before use in physiological and biochemical studies.
Genomic DNA was prepared according to the method of Marmur (1961) . The 16S rRNA gene sequence of strain R27
T was determined following PCR amplification using primers 27f and 1492r (Lane, 1991) . Amplification of the partial RNA polymerase b-subunit (rpoB) gene was performed with primers rpoB1698f and rpoB2041r, as described previously (Dahllöf et al., 2000) . Amplification products were purified and cloned into pMD18-T vector (Takara Co.). Sequencing was performed by using an ABI Big Dye Primer cycle-sequencing ready reaction kit and an Applied Biosystems 3730 DNA sequencer. The 16S rRNA gene sequence of strain R27
T was first analysed using the EzTaxon-e service (Kim et al., 2012) to determine the closest type strains and calculate sequence similarities. The sequence was then aligned with those of related species and phylogenetic trees were reconstructed using the neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood methods in the MEGA 5.0 software (Tamura et al., 2011) . Bootstrap analysis (1000 replications) was used to evaluate the topology of the trees.
An almost-complete 16S rRNA gene sequence (1492 nt) was obtained for strain R27
T . Comparative 16S rRNA gene sequence analysis showed that the strain was phylogenetically affiliated with species of Burkholderia, the highest similarities being found with the sequences of Burkholderia zhejiangensis OP-1 T (99.1 % similarity; Lu et al., 2012) and B. glathei ATCC 29195 T (97.6 %; Viallard et al., 1998; Zolg & Ottow, 1975) ; A phylogenetic tree based on the neighbour-joining method is shown in Fig. 1 . It is clear that strain R27
T clusters with B. zhejiangensis OP-1 T at a reliability of 100 %. The phylogenetic tree reconstructed by the maximum-likelihood method also supported the clustering of strain R27 T and some other Burkholderia species (Fig. S1 , available in IJSEM Online). In addition, a 359 bp segment of the rpoB gene was amplified and sequenced; it exhibited 94.7 % similarity with that of B. zhejiangensis OP-1 T . Phylogenetic trees based on this functional gene segment also showed that strain R27 T was closely related to B. zhejiangensis OP-1 T , with a reliability of 61-62 % (Fig. S2 ). Since B. zhejiangensis OP-1 T , B. glathei ATCC 29195 T and B. sordidicola S5-B T (Lim et al., 2003) were the closest relatives and clustered together with strain R27 T ( Fig. 1 ), they were used as references for further taxonomic studies. All subsequent conventional phenotypic tests were performed in parallel on the new isolate and on these three reference strains except the GN2 MicroPlate, polar lipid, isoprenoid quinone and DNA G+C content analyses.
Cellular morphological characteristics of strain R27
T were observed by using a Zeiss light microscope at 61000 and scanning electron microscopy (FEI QUANTA scanning fibre-optic microscope) at 65000-20 000 after 2 days of growth in R2A broth at 28 u C. Colonial properties were examined after 3 days of growth at 28 u C on solid R2A medium. Cell motility was determined by observing the spread of growth in test tubes containing semi-solid R2A medium after incubation for 48 h at 28 u C. Growth at 4, 15, 28, 30, 37, 40 and 45 u C was measured on R2A medium for 5 days. The pH range for growth (pH 4-10 at intervals of 0.5 pH units) and the requirement for NaCl [0, 1, 2, 3, 5 Burkholderia grimmiae sp. nov.
and 7 % (w/v)] were determined in R2A broth. Anaerobic growth was tested on R2A medium for up to 5 days in a 2.5 l jar containing an AnaeroPack-Anaero (Mitsubishi Gas Chemical), which works as oxygen absorber and CO 2 generator. Phenotypic characteristics such as Gram staining, catalase and oxidase activity and hydrolysis of casein, Tweens 20 and 80, egg yolk and starch were examined using the methods of Smibert & Krieg (1994) after 24-48 h of growth on R2A medium or in R2A broth at 28 u C. Methyl red and Voges-Proskauer reactions were assessed as described by Dong & Cai (2001) . Utilization of various substrates as sole carbon sources was tested using the GN2 MicroPlate Gram negative identification test panel (Biolog) by the service of China Center of Industrial Culture Collection (CICC); the test was read after incubation at 30 u C for 24 h. Physiological and biochemical properties were further determined with API 20NE, API 20E and API ZYM strips (bioMérieux). Tests were generally performed according to the manufacturer's instructions. All tests were run in duplicate. The API 20NE tests were read after 24-48 h at 28 u C, the API 20E tests were read after 18-24 h at 36 u C and the API ZYM tests were read after 4 h of incubation at 37 u C.
Strain R27 T was a Gram-staining-negative, aerobic, nonspore-forming, motile, rod-shaped bacterium (Fig. S3) . Its phenotypic characteristics are given in the species description, and Table 1 shows the features that differentiate the novel strain from the type strains of closely related Burkholderia species.
To determine the whole-cell fatty acid composition, strain R27
T and the three reference strains were grown on R2A at 28 u C for 2 days. Standardization of physiological age of all strains was made by choice of the second and third sector from a quadrant streak when colonies became visible in the fourth sector, as described by Sasser (1990) . Extraction and analysis of the cellular fatty acids were performed according to the standard protocol of the Sherlock Microbial Identification System (Sasser, 1990 ) version 6.0 and peaks were identified using the peak-naming table TSBA6 6.00 at the China General Microbiological Culture Collection Center. The major fatty acids (.8 %) of strain R27
T were C 18 : 1 v7c (33.6 %), C 16 : 0 (16.3 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 15.8 %) and C 17 : 0 cyclo (8.7 %). In addition, C 19 : 0 cyclo v8c (5.2 %), summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I; 5.0 %), C 16 : 0 3-OH weak or delayed reaction. All data are from this study unless indicated. All strains were positive for catalase, oxidase and urease and negative for lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, methyl red test, glucose fermentation, ONPG test, production of indole and H 2 S, starch degradation and hydrolysis of gelatin and casein. All strains grew at 10-40 u C (optimum 28-30 u C) and could not tolerate .1 % NaCl. In API 20NE test strips, all four strains assimilated D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine and potassium gluconate, but did not assimilate maltose, trisodium citrate or adipic acid. In API ZYM test strips, all four strains were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase. Y. Tian and others (4.8 %), C 14 : 0 (4.3 %), C 16 : 0 2-OH (2.2 %), C 16 : 1 2-OH (2.2 %) and C 18 : 0 (1.1 %) also exceeded 1 % of total fatty acid content. The major cellular fatty acids and the presence of C 16 : 0 3-OH are characteristic of members of the genus Burkholderia (Gillis et al., 1995) . Comparisons of the fatty acid profiles (Table 2) showed that all four tested strains contained C 16 : 0 and C 17 : 0 cyclo as major components, but strain R27 T exhibited relatively large amounts of C 18 : 1 v7c and summed feature 3, and small amounts of C 17 : 0 cyclo and C 19 : 0 cyclo v8c. Polar lipids extracted from 200 mg freeze-dried cell material were separated by two-dimensional TLC by the Identification Service of the DSMZ (Braunschweig, Germany). Cellular isoprenoid quinones were extracted and purified using methods described previously (Minnikin et al., 1984) and purified quinones were determined by reversed-phase HPLC (Kroppenstedt, 1982) at the CICC. The DNA G+C content was determined using the thermal denaturation method (Marmur & Doty, 1962) with DNA from Escherichia coli K-12 as a control. The polar lipid profile of strain R27 T contained phosphatidylethanolamine, phosphatidylglycerol, three uncharacterized aminolipids and an unknown phospholipid; traces of a glycolipid were also detected (Fig. S4) . Although AL2 and AL3 could not be identified as two ornithine lipids that are considered to be characteristic of Burkholderia (Yabuuchi et al., 1992) , the major lipid profile of strain R27
T was similar to that of B. zhejiangensis OP-1 T (Lu et al., 2012) . Strain R27 T contained ubiquinone Q-8 as the predominant isoprenoid quinone, consistent with all other members of the genus Burkholderia. The DNA G+C content was 64.6 mol%, which is within the range reported for members of the genus Burkholderia (Table 1) . Thus, the fatty acid profile, polar lipid profile, major isoprenoid quinone and DNA G+C content of strain R27
T were all typical of species within the genus Burkholderia.
DNA-DNA hybridization experiments were carried out at CICC to evaluate the DNA-DNA relatedness between strain R27
T and its closest neighbours, B. zhejiangensis CCTCC AB 2010354 T and B. glathei ATCC 29195 T , using the optical renaturation rate method as described by De and Gillis et al. (1970) . Hybridization of DNA was accomplished in 26 SSC buffer and the equipment used was a Beckman DU 800 spectrophotometer. The DNA-DNA relatedness between strain R27 T and B. zhejiangensis CCTCC AB 2010354 T and B. glathei ATCC 29195
T was 10.2 and 14.9 %, respectively (using respective hybridization temperatures of 81.4 and 79.9 u C), clearly below the 70 % threshold value generally accepted for species delineation (Stackebrandt et al., 2002) .
In view of the combined morphological, physiological and chemotaxonomic data and the phylogenetic inference presented here, it is evident that strain R27 T belongs to the genus Burkholderia. However, differentiating phenotypic characteristics as well as phylogenetic and genomic distinctiveness distinguish it from previously described Burkholderia species. Hence, strain R27
T is considered to represent a novel species in the genus Burkholderia, for which the name Burkholderia grimmiae sp. nov. is proposed.
Description of Burkholderia grimmiae sp. nov.
Burkholderia grimmiae (grim.mi9a.e. N.L. n. Grimmia the scientific name of a genus of moss; N.L. gen. n. grimmiae of Grimmia, referring to the isolation of the type strain from the moss Grimmia montana).
Cells are Gram-staining-negative, aerobic, non-sporeforming, motile rods, about 0.4-0.6 mm wide and 1.4-2.1 mm long. Colonies are regular, circular, convex, translucent, moist and 1.0-3.0 mm in diameter after 3 days of cultivation at 28 uC on R2A. Growth also occurs on TSA, but no growth is observed on MacConkey agar. Growth occurs at 10-40 u C (optimal growth at 28-30 u C) and pH 4.0-10.0 (optimal growth at pH 7.0-7.5) in R2A broth. Growth occurs with 0-1 % NaCl (optimal growth without NaCl). Positive in tests for catalase, oxidase, urease, arginine dihydrolase, citrate utilization and acetoin production, but negative for hydrolysis of aesculin, gelatin, o-nitrophenyl b-D-galactopyranoside (ONPG) and pnitrophenyl b-D-galactopyranoside (PNPG), activities of lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase, production of H 2 S and indole, glucose fermentation and methyl red and Voges-Proskauer reactions. Nitrate can be reduced to nitrite and nitrogen. Degrades starch, Tweens 20 and 80 and egg yolk, but does not degrade casein. In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine 
